Quality of Service (QoS) has gained more importance with the increase in usage and adoption of web services. In recent years, various tools and techniques developed for measurement and evaluation of QoS of web services. There are commercial as well as open-source tools available today which are being used for monitoring and testing QoS for web services. These tools facilitate in QoS measurement and analysis and are helpful in evaluation of service performance in real-time network. In this paper, we describe three popular open-source tools and compare them in terms of features, usability, performance, and software requirements. Results of the comparison will help in adoption and usage of these tools, and also promote development and usage of open-source web service testing tools.
Introduction
The success of web service technology is clearly evident from the usage and adoption of this IT technology. A large number of providers from different sectors of industry are shifting to web service technology. Web services are software components accessible through programmatic interfaces and can perform tasks from simple requests to complex processes [1] . The heterogeneous nature of web service technology offers advantages like interoperability, usability, use of standardized communication protocol, deployability, etc. This makes web services technology an ideal candidate for organizations to host and deploy services in order to collaborate with other organizations in a flexible manner.
In order to attain the trust of service users, it is necessary that the system must conform to the performance requirements as it is the most important criteria for evaluating a system. It is therefore necessary to test the system before deployment in order to ensure that the system meets quality of service requirements. Various testing tools have been developed and designed for testing of web services. By using these test tools, web engineers can perform their tasks easily and efficiently, thus improving the quality of the system.
There are commercial as well as open-source test tools available in the market with different features and functionalities. In our study we are focusing on testing of Simple Object Access Protocol (SOAP) [2] web services. SOAP web services use XML language for definition of message architecture and message format. Web Services Description Language (WSDL) [3] , an XML language is used to describe operations and interfaces of the web service. HTTP protocol is used for communication due to its wide usage and popularity.
Test tools automate the process of testing and are targeted to a specific test environment such as functional testing, performance testing, load testing, exception testing, etc. With the help of test tools, testers can create, manage and execute tests for a specific test environment for a particular application. The test results are compared with the expected results to evaluate the quality of the product.
Web service testing is a quite challenging area for researchers. The importance of this can also be judged with the ongoing research in this field. Several methods and techniques proposed by researchers as well as development of testing tools. There are commercial as well as open-source test tools available today for testing of web services.
Several studies are available which have compared various web service testing tools from functionalities, features, services, popularity, and so on. To our knowledge, there is still no comparative study on the representative testing tools, such as JMeter, soapUI, and Storm. In this paper, we compare these tools in terms of features, architecture, test environments, software requirements, and provide some observations. The comparison may help in selection of most suitable web service testing tool and promote the development and usage of open-source test tools. This paper is organized as follows: Section 2 presents an overview of testing tools. Section 3 describes the three selected tools and their comparisons are reported in Section 4. Section 5 introduces related work and Section 6 concludes the paper.
Testing Tools
Software testing is the process of executing a program to verify its functionality and correctness [4] . Software testing is mostly deployed by programmers and testers. The aim of testing is to find the problems and to fix them to improve the software quality. Software testing methodology can be divided into two groups. One is manual testing and the other is automated testing. Manual Testing is a process in which testing process are carried out manually by the tester, usually follow a test plan comprised of test cases. On the other hand, automated testing is done with the help of automated test tools. Automated testing uses scripts to test operations of application automatically, reduces the need of human involvement and requires less time.
Software testing tools provide enormous aids to the testers in performing their tasks. Although the scope of testing tools is limited to particular test environments, the advantages associated are quite impressive. Benefits of automated testing includes: a better test coverage, quality improvements and more tests can be completed within a shorter time [5] .
Tests can be performed to analyze the behavior of application in repeated executions of same operations. Further, testing tools perform testing faster than human users.
Overview of Open-Source Web Service Testing Tools
There is a number of open-source web service testing tools available in the software market. Although the core functions of these tools are similar, they differ in functionality, features, usability and interoperability. Keeping in view the above-mentioned aspects, we have selected three representative web service testing tools for comparison. Among them are, JMeter and soapUI are implemented in Java, and Storm is implemented in F# (F Sharp). A brief description of each of them is presented below.
JMeter
JMeter [6] is an open-source testing tool developed by Apache Software Foundation (ASF 
Comparison of Web Service Testing Tools
In this section, we present a comparison of the three web service testing tools, and then provide our observations. Such a comparison is helpful for the users/researchers to choose the suitable test tool for their needs. 
Comparison and Evaluation Approach
In order to compare the representative testing tools, we consider sample of three web services. The detail of web services is presented in Table 2 .
To test the representative testing tools, each tool need to be configured to run the tests. The configuration includes installation, setting up test environment, test parameters, test data collection, reports analysis, etc. Each tool is configured to test the sample web services and gather test results.
We run the tests on an Intel Core 2 Duo 2.0 GHz processor machine with 3GB RAM, running Microsoft Windows 7 Ultimate, and 2Mbps of DSL Internet connection.
The tests were conducted four times a day at regular intervals to get fair and transparent results. The reason was to minimize the affect of Internet connection's performance on the test results and to obtain realistic measurements. The performance of Internet varies depending on the time of day and other factors such as internet traffic, subscribed users, etc. The three selected tools were tested by invoking the sample web services for a pre-defined sample count. The results were collected and compiled for analysis.
Results and Discussions
In this section we describe different comparative results with testing tools.
Each tool has different architecture and internal processes to carry out tasks. This factor provides basis to compare the tools in terms of response time. Minimum and maximum values for response time at different time intervals are shown in Table 3 .
From Table 3 we observe that the response time values taken at 6:00 AM are most optimal. This shows that the performance of Internet connection is better at 6:00 AM which is reflected in response time values.
Further, results of the tests are summarized to calculate average response time of each test tool for each web service. Table 4 shows the average response time of each tool for each web service. This data is also presented in the form of graph as shown in Figure 1 . From the results, we observe that JMeter is taking more time in responding to web services as compared to other two tools. Storm is behaving better than JMeter but not promising as soapUI. In this test, soapUI outperforms other two testing tools and can be regarded as fastest tool in terms of response time.
The next comparison is based on the average throughput criterion. Throughput is the measure of the number of requests that can be served by web service in a specified time period [13] . Only JMeter and soapUI supports this type of testing and provides information on throughput test results. Average throughput of each tool for each web service is shown in Figure 2 . The results of throughput test demonstrate that JMeter has better throughput than soapUI. In case of W3, JMeter shows more than 84% throughput than soapUI, while for W1 and W2, increase is 14.5% and 24% respectively. Therefore, JMeter has better throughput than soapUI.
Another parameter that is observed during testing of web services is number of bytes per second processed by the test. Figure 3 shows the KB/sec values of both tools.
From Figure 3 it is seen that number of bytes processed by JMeter is higher than soapUI. This is in relation to the throughput attribute, as JMeter has better throughput as shown in Figure 2 . This means that JMeter has processed more bytes during test as its throughput is better than other tool.
Further useful information related to testing, reported by JMeter and soapUI contains number of assertion errors and number of lost samples (failed request ratio).
Usability is another factor for evaluation of testing tools. The study shows that the Storm has a very simple and easy 
Related Work
Since the beginning of web service testing, different approaches have been proposed in literature. In this section, we describe several closely related work.
Performance testing of web services using JMeter is demonstrated in great detail [14] . JMeter is also able to perform load testing of web applications especially J2EE-based web applications [15] [16] . In [17] , authors proposed test steps of the web service testing tools for testing an orchestration and showed the applicability with soapUI. In some approaches, testing of web services based on WSDL descriptions, soapUI tool is used for derivation of SOAP envelope skeleton [18] [19] . soapUI is also used for testing of sample web services developed using SAS BI platform [20] . The study [21] presented a preliminary approach towards an evaluation framework for SOA security testing tools and tested soapUI for suitability assessment. A research study on different test tools and techniques for testing atomic and composed services is presented along with development of a prototype for automated choreography tests [22] . Security testing is also a challenging task in SOA domain. Altaani and Jaradat [23] analyzed the security requirements in SOA and presented techniques for security testing, validated the results by using soapUI. A comparative study of three web service testing tools with several selected web services is done in which soapUI outperforms other two tools [24] .
In the paper, we presented an overview of three opensource web service testing tools and a technical overview of each tool. We also provide a comprehensive comparison of them, which may help researchers in selection of suitable tool.
Conclusions
Nowadays we can see that web service technology turn out to be the latest trend and provides a new model of web. 
